The characteristics of sheared surfaces of ductile metals are fundamentally interesting for tribological performance. This research applies an atomic force microscope (AFM) to characterize the shear patterns and characteristics of pure copper metal. Two approaches were used, micro indentation and equal channel angular extrusion (ECAS). This poster discusses our findings in nano scale behavior of shear and compares the process of materials deformation. New insight of ductility for wear is reported.
INTRODUCTION
Vladimir Segal in 1977 found Equal Channel Angular Extrusion (ECAE) [1] . ECAE produces uniform plastic deformation without causing major changes in geometry. Severe plastic deformation can be produced by multiple extrusions of billets. Five fundamental equal-channel angular extrusion routes are defined by changing the chosen billet orientation after each pass. Every pass changes the microstructure of materials under use. The simple shear can be produced by using ECAE technique [1] . During the sliding of two surfaces the deformation at the interface occur due to the shear. Different possibilities of shear on the surface are discussed by Bowdon and Tabor [2] . It is important to know the shearing behavior of the mating surfaces when studying their friction and wear behavior.
Present work focuses on study of the deformation behavior of pure copper by the ECAE method and micro indentation. For micro indentation, Vickers indentation method was utilized.
RESULTS AND DISCUSSION
Pure copper surface was sheared by using one pass. The topological and phase images on the surface of the sheared sample in one pass are shown in Fig. 1 The load was applied for 15 seconds. The scanning, image formation and image processing using the AFM is discussed in tailed elsewhere [3, 4, 5] .
It was observed that in pure shear the copper grains were elongated in the flow direction. The width of these elongated grains is few tens of nanometers whereas length varies over few hundreds of nanometer. Such grains can only be seen in transmission electron microscope. AFM enabled to reveal these grains without any extensive sample preparation ( Fig. 1a and  Fig 2a) . The FFM image on the shear surface in Fig. 2 b shows the different friction along the grain boundaries. The change in friction behavior along grain might be due to the dislocation density difference as compared with the interior part of the grain.
The topology image in Fig. 3 a shows Vickers microindent with the plastic pile-up zone on the edges of the indent. The FFM image showed in Fig. 3 b revealed that there is friction change on the deformed surface of the indent. During indentation the materials flow beneath the indent undergo a complex process. According to Hertzian contact mechanics [6] , the maximum shear point occurs below the surface on the axis of the applied load when applied load is uniformly distributed. In this region the dislocation density increases and material shows hardening. The line scan analysis in Fig. 4 shows that at the centre of the indent, the material is hardened more and showed higher friction. The friction force microscope [7] can detect the frictional behavior change at atomic levels.
In the present investigation the different behavior of the friction is due to the surface modification by shear and deformation.
CONCLUSION
The ECAE and indentation processes coupled with the atomic force microscope can be an effective tool to study the shear behavior of pure metals. Copper underwent the structural change which was detected by frictional force microscope. 
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Knowledge of this behavior of copper is useful in studying its fundamental wear and friction characteristics.
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